The two-dimensional electron gas (2DEG) formed at the interface between two insulating oxides shows many interesting and unexpected properties including conductivity, superconductivity, ferromagnetism and magnetoresistance, and has the potential for development of all-oxide electronic devices. Energyloss near-edge structure (ELNES) is sensitive to the local electronic structure and has been used to investigate the 2DEG. However, the 2DEG signal is usually very weak and often mixed with other signals coming from the film and/or substrate. Here, we have applied a set of improved algorithms for spectrum unmixing and mapping onto the Ti-L and O-K edges at the LaTiO 3 /SrTiO 3 and the γ-Al 2 O 3 /SrTiO 3 interfaces. Spectra from different phases and the region of the 2DEG were identified and extracted from the experimental data and 2D mapping was done using the extracted spectra. By analyzing the spectrum maps, the possible origin of the 2DEG has been revealed.
The EELS spectra were collected from 2D regions of the samples. Spatial and energy drift correction were applied and outlier data points were identified and removed. After background subtraction, the virtual dimensionality of the dataset was determined and the data dimensionality was reduced by an orthogonal transformation. Each data point was then weighted based on the signal-to-noise ratio (SNR). Pure spectra for each phase were identified and extracted using a noise-adaptive algorithm for mapping of the original 2D dataset. In each step, at least two different algorithms were tested and compared to ensure that no artifacts were present. Several algorithms were modified and improved so that they would work with typical SNR levels in ELNES signals. 
